Little is known about the role of vascular endothelial growth factor (VEGF) receptor-1 (VEGFR-1) in acute leukemia. In this study, using real-time PCR and ELISA, we found that VEGF and VEGFR-1 are highly expressed in U937 leukemia cells and primary leukemia cells (M4/M5 subtypes), which are associated with an increased migration rate and extramedullary disease. In order to elucidate the role of VEGFR-1 in acute leukemia, we used a lentivirus-mediated shRNA expression system to specifically inhibit VEGFR-1 expression in the U937 cell line. In addition, a series of in vitro experiments were conducted, including cell proliferation and migration assays and drug treatments. Our results showed that shRNA reduced the proliferation and migration of U937 cells. RNA interference targeting VEGFR-1 in combination with bevacizumab did not exert synergistic antitumor effects. However, shRNA enhanced the sensitivity of the U937 cells to cytarabine by decreasing the IC 50 of cytarabine, reducing the number of cells in the S phase and suppressing the expression of the survivin gene. Taken together, these results suggest that VEGFR-1 interference may serve as a novel antitumor therapeutic strategy for the treatment of leukemia.
Introduction
In spite of continuing advances in the treatment of acute myeloid leukemia (AML), the 5-year event-free survival rate remains low, and the majority of patients succumb to the disease due to relapse and chemotherapy resistance. Therefore, the development of novel therapeutic strategies is urgently required. Experiments and clinical trials have demonstrated vascular endothelial growth factor (VEGF) and VEGF receptors (VEGFRs) are overexpressed in patients with acute or chronic leukemia, and are closely associated with the occurrence, development and prognosis of the disease (1) (2) (3) (4) . Therefore, the direct or indirect suppression of VEGF and its receptors are therefore promising novel therapeutic approaches to improve patient outcome.
VEGFR-1 is widely expressed in hematological malignancies, and the functional role of VEGFR-1 is complex and dependent on both the developmental stage and cell type (4) . Although it has been reported that VEGFR-1 regulates the distribution of leukemia cells in the bone marrow of patients with acute lymphoblastic leukemia, and, in conjunction with VEGF and placental derived growth factor modulate the survival and exportation of leukemia cells (5) , studies specifically defining the role of VEGFR-1 in AML are limited.
RNA interference (RNAi) is a novel strategy for the specific suppression of target gene expression and has been applied in the development of antiviral and antitumor drugs (6) (7) (8) (9) , making it possible to elucidate the role of VEGFR-1. In the present study, we used a lentivirus-mediated shRNA expression system to specifically inhibit VEGFR-1 expression in the U937 leukemia cell line. Our results showed that shRNA reduced the proliferation and migration of U937 cells. In addition, RNA interference targeting VEGFR-1 in combination with bevacizumab did not exert synergistic inhibitory effects on the U937 cells. However, the knockdown of VEGFR-1 by shRNA made the U937 cells more sensitive to cytarabine. These findings suggest that lentivirus-mediated RNA interference targeting VEGFR-1 specifically inhibits the expression of VEGFR-1, resulting in a series of changes in the biological characteristics of leukemia cells, and may be applied as a novel antitumor therapeutic strategy for the treatment of leukemia.
Materials and methods
Cell culture and primary leukemia cell lines. The leukemia cell lines, HL-60, HEL, NB4, U937 and THP-1, and lentivirus were used in the present study.
Genetic inhibition of vascular endothelial growth factor receptor-1 significantly inhibits the migration and proliferation of leukemia cells and increases their sensitivity to chemotherapy

RT-PCR of VEGF, VEGFR-1 and VEGFR-2 in leukemia cell
lines. The leukemia cells were first analyzed for VEGF and VEGFR expression by RT-PCR. Total cellular RNA was extracted, and cDNA was synthesized following conventional protocols. PCR was performed using a PCR thermal cycler (GeneAmp PCR System 9700; Life Technologies, Carslbad, CA, USA). The primers used were synthesized as follows: VEGF forward, 5'-AGGGAAGAGGAGGAGATGAG-3' and reverse, 5'-GCTGGGTTTGTCGGTGTT-3' (anticipated size, 148 bp); VEGFR-1 forward, 5'-AGACTAGATAGCGTCA CCAGC-3' and reverse, 5'-GAAACCGTCAGAATCCTCC-3' (anticipated size, 102 bp); VEGFR-2 forward, 5'-CCAATAAT CAGAGTGGCAGTG-3' and reverse, 5'-CATAGACAT AAATGACCGAGGC-3' (anticipated size, 162 bp). The cycling conditions for PCR were 38 cycles of denaturation (94˚C for 20 sec), annealing (58 or 60˚C for 20 sec) and extension (72˚C for 30 sec). A pre-heating step at 94˚C for 5 min and a final extension step consisting of 7 min at 72˚C were also carried out. The primer sequences for β-actin were: forward, 5'-CCTGTACGCCAACACAGTGC-3' and reverse, 5'-ATACTCCTGCTTGCTGATCC-3'. The temperature for annealing was 56˚C and a total of 30 cycles were conducted. The other conditions were as mentioned above. The experiment was performed 3 times. In addition, the siRNA sequence unrelated to VEGFR-1 (5'-TTCTCCGAAC GTGTCACGT-3') was synthesized and served as the negative control (shRNA-NC). Lentiviral particles were conjugated to green fluorescent protein (GFP). The serial dilution method and flow cytometry were performed to determine the lentivirus titer. The lentivirus in the sh-VEGFR-1 KD and shRNA-NC group was used to transfect the U937 cells at the appropriate titer and named sh-KD-U937 (KD group) and sh-NC-U937 (NC group), respectively. In addition, untreated U937 cells were used as the controls (CON group). The proportion of GFP-positive cells was observed under a fluorescence microscope 72 h later. When the proportion was >90%, the cells were used for the following experiments. These cells were harvested at 120 h after being transfected, real-time PCR and western blot analysis were performed to determine the efficiency of RNA interference at the mRNA level and protein level. The experiment was repeated 3 times.
Growth curve assay. Twenty-four hours after transfection, 3 groups of cells (5x10 3 ) in the logarithmic growth phase were seeded in 96-well plates (100 µl/well) and each experiment was performed in sextuplicate followed by incubation for 7 days. The medium was refreshed every 48 h. The cells were then incubated with CCK-8 solution (5 mg/ml, 10 µl/well) for 4 h followed by blending. The absorbance (A) was determined at 450 nm with a microplate reader, which represents the cell proliferation rate. The experiment was repeated 3 times.
Transwell migration assay. Migration assays were performed in Transwell plates (Costar, Cambridge, MA, USA) of 6.5 mm in diameter, with 5-µm pore filters, as previously described by Fragoso et al (5) . In brief, cell lines or different groups of U937 cells (1x10 6 cells/ml) were placed in serum-free medium with or without bevacizumab (1 µg/ml) for 1 h. Cell aliquots (100 µl) were subsequently added to the upper compartments, and 600-µl of serum-free medium with or without VEGF (50 ng/ml) were added to the lower compartments. The transwell plates were incubated at 37˚C, 5% CO 2 for 4 h. Cell migration was determined after 4 h by counting the number of migrated cells in 6 high-power fields (x400 magnification) under an optical microscope.
Drug treatment. Seventy-two hours after transfection, 3 groups of U937 cells in the logarithmic growth phase were harvested and seeded in 96-well plates at a density of 1x10 5 cells/ml (100 µl/well). These cells were then treated with cytarabine or bevacizumab (10 µl) at various concentrations in RPMI-1640 medium containing 10% FBS. For each concentration, the experiment was performed in sextuplicate. Additionally, a normal control and blank group were also prepared. After 48 h of incubation, cells were incubated with CCK-8 solution (10 µl) for 4 h followed by blending (5 min). The absorbance (A) was determined at 450 nm with a microplate reader and the cell proliferation and inhibition rate were calculated as follows: proliferation rate/inhibition rate (%) = [(A control -A experiment )/ A control -A blank )] x100%. The experiment was repeated 3 times.
Flow cytometry for apoptosis analysis.
After 48 h of treatment with different drugs, 3 groups of U937 cells were collected followed by washing with PBS twice, then resuspended in PBS (1X) at a density of 1x10 6 cells/ml. Subsequently, 1 µl of Annexin V-PE and 5 µl of 7-AAD were added followed by blending. A blank group, Annexin V-PE group and 7-AAD group were also prepared. Cells were incubated for 15 min followed by flow cytometry for the apoptotic rate.
Flow cytometry for cell cycle analysis. Three groups of U937 cells were seeded in 24-well plates at a density of 1x10 6 cells/ ml and maintained in medium containing different drugs for 48 h. Cells (5x10 5 ) were then collected and washed with PBS (4˚C) twice. The cells were then resuspended in 1 ml of PBS and added to 4 ml of cold absolute ethanol, which was blended and fixed at -20˚C for 15 min followed by centrifugation. The supernatant was removed and 5 ml of PBS were added to the sediment followed by incubation for 15 min. Centrifugation was then performed and the supernatant was removed. The sediment was stained with DNA staining solution [propidium iodide (PI), 50 mg/l and RNase A, 10 mg/ml] in the dark for 30 min. In addition, a blank group and PI group were also prepared. Flow cytometry was performed within 1 h.
Statistical analysis. Statistical analysis was performed using SPSS 14.0 statistical software, and the t-test was used for comparisons between two means. The χ 2 test was conducted for comparisons between apoptotic rates. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of VEGF, VEGFR-1 and VEGFR-2 in acute leukemia cell lines and primary leukemia samples.
The expression of VEGF, VEGFR-1 and VEGFR-2 was detected by RT-PCR in 5 AML cell lines. As shown in Table I , VEGF and VEGFR-1 were expressed in all 5 AML cell lines, whereas only HEL cells expressed VEGFR-2. We also detected the VEGF protein levels in the cell supernatants by ELISA (Table I ). The U937 cell line had the highest VEGF protein level and the THP-1 cell line the second highest (P<0.05 for both). Furthermore, quantitative PCR and western blot analysis were used to detect VEGFR-1 expression in the 5 AML cell lines. As shown in Fig. 1A and B, the expression of VEGFR-1 was the highest in the U937 cell line and the lowest in the NB4 cell line.
In order to determine whether the migratory behavior of the leukemia cells is associated with the high expression of VEGF/VEGFR-1, VEGF-induced cell migration was performed in transwell migration assays with the 5 AML cell lines. As shown in Fig. 1C , the U937 cells showed the most potent chemotactic response to VEGF (with a 2.35-fold As regards the primary leukemia samples, we detected the mRNA expression of VEGF, VEGFR-1 and VEGFR-2 in 100 patients with AML. VEGF was expressed in 92% of the AML samples, and VEGFR-1 and VEGFR-2 were expressed in 87 and 37% of the samples, respectively. The patients were divided into 2 groups according to the French-American-British (FAB) classification system of acute leukemia (Table II) . The quantification of VEGF and VEGFR-1 mRNA levels demonstrated significantly higher levels in the M4/M5 vs. Ml, M2 and M3 FAB subtypes (P<0.05 for both). In addition, the significantly higher expression of VEGF and VEGFR-1 mRNA was observed in patients with extramedullary infiltration vs. those with no extramedullary infiltration, whereas VEGFR-2 levels did not significantly differ between the 2 groups.
Given the high expression level of VEGF and VEGFR-1 in the U937 cells and the M4 and M5 subtypes of AML samples characteristic of a higher migration rate or extramedullary infiltration, we hypothesized that VEGF-VEGFR-1 may play significant roles in the regulation of leukemia cell migration and other biological characteristics. In the following experiments, the U937 cells were used as target cells, and lentivirus-mediated RNA interference was performed to suppress the VEGFR-1 expression in the U937 cell line.
Lentivirus-mediated RNA interference targeting VEGFR-1 effectively inhibits the VEGFR-1 expression in U937 cells.
The shRNA-NC and sh-VEGFR-1 KD lentiviral vectors were used to transfect the U937 cells at a multiplicity of infection (MOI) of 10. Seventy-two hours after transfection, the transfection efficiency of the U937 cells was >90%, as observed under an inverted fluorescence microscope. One hundred and twenty hours after transfection, we collected the cells and used quantitative PCR to detect VEGFR-1 mRNA expression. Compared with favorable FAB group, P<0.05. FAB, French-AmericanBritish classification system of acute leukemia.
VEGFR-1 mRNA expression decreased by 73.53±0.026% in the KD group when compared with the NC group ( Fig. 2A) . Western blot analysis showed that the VEGFR-1 protein expression in the KD group decreased by 94.14% (P<0.05) when compared with the NC group (Fig. 2B) . No significant difference in the mRNA and protein expression of VEGFR-1 was observed between the CON and NC group.
Furthermore, we performed ELISA to demonstrate that there was no significant difference in VEGF production in the U937 cell supernatants in the CON (1.69±0.17 ng/ml) and NC group (1.65±0.04 ng/ml), while VEGF production in the U937 cell supernatants in the KD group (0.41±0.06 ng/ml) decreased dramatically by >75% (P<0.05) when compared to the CON and NC group (Fig. 2C) . These results indicated that lentivirus-mediated RNA interference suppressed the autocrine loop of VEGF/VEGFR-1 in the transfected U937 cells.
These results demonstrate the feasibility of suppressing VEGFR-1 expression by lentivirus-mediated RNA interference, which inhibits the mRNA and protein expression of VEGFR-1 and blocks the VEGF/VEGFR-1 autocrine loop in U937 cells.
Lentivirus-mediated RNA interference targeting VEGFR-1 suppresses the proliferation and migration of U937 cells.
To determine the effects of VEGFR-1 gene silencing on the biological characteristics of U937 cells, a series of in vitro experiments were conducted, including cell proliferation and migration assays, cell cycle analysis and determination of the apoptotic rate.
Cells from 3 different groups were grown for 7 consecutive days and the growth curve was delineated according to the proliferation inhibition rate. As shown in Fig. 3A , the proliferation rate of the U937 cells in the KD group was markedly slower than that of the cells in the NC and CON group after 3 days of culture (P<0.05), and this tendency continued for at least 7 days.
Seventy two hours after transfection, 3 groups of U937 cells were seeded in transwell plates for cell migration assay. As shown in Fig. 3B , before drug treatment, the number of migrated cells in the KD group was markedly lower than that in the NC and CON group (with a 2.5-fold ratio of VEGF-migrated cells/ control; P<0.05). Following treatment with VEGF, the number The expression of VEGFR-1 protein was decreased by 94.14% (P<0.05) when compared with the CON group. No significant difference in the expression of VEGFR-1 protein was observed between the CON and NC group. (C) There was no significant difference in VEGF content in the U937 cell supernatants between the CON and NC group, which was 1.69±0.17 and 1.65±0.04 ng/ml, respectively, while that in the U937 cell supernatants in the KD group decreased dramatically by >75% (P<0.05) when compared to the U937 cell supernatants in the CON and NC group, which was 0.41±0.06 ng/ml. of migrated cells in the NC and CON group was markedly increased, while this phemomenon was not observed in the KD group.
The apoptotic rate of the U937 cells in the KD group was slightly higher than that in the CON and NC group (Fig. 4C) . No significant difference in cell cycle distribution was observed among the 3 groups of U937 cells by cell cycle analysis prior to drug treatment (Fig. 5) .
Following treatment with VEGF (Fig. 5) , the proportion of cells in the S + G 2 phase and G 1 phase increased and decreased, respectively, in the CON and NC group. However, in the KD group, no marked changes in the proportion of cells in the S + G 2 phase or G 1 phase were observed following treatment with VEGF. These results demonstrate that VEGF enhances the colony-forming ability of the U937 cells by increasing the proportion of cells in the S + G 2 phase. However, after VEGFR-1 gene silencing, these effects conferred by VEGF were blocked, accompanied by a suppressed colony-forming ability. These findings suggest that VEGFR-1 plays a pivotal role in the proliferation of leukemia cells.
VEGFR-1 gene silencing in combination with cytarabine results in increased inhibitory effects on proliferation and a higher apoptotic rate of U937 cells.
As demonstrated above, VEGFR-1 gene silencing profoundly inhibits the in vitro proliferation and migration of the U937 cells, but does not directly increase apoptotic rate of the U937 cells. In the following experiments, VEGFR-1 gene silencing in combination with bevacizumab or cytarabine were used to explore their synergistic effects on the inhibition of cell proliferation and apoptotic effects. As shown in Fig. 4A , bevacizumab at various concentrations did not profoundly affect the proliferation of U937 cells in the CON, NC and KD group. Flow cytometry also showed that the apoptotic rate in the 3 groups of U937 cells was not affected by bevacizumab (data not shown). These findings showed that in vitro VEGFR-1 gene silencing in combination with bevacizumab did not confer suppressive effects on the proliferation and did not increase the apoptosis of U937 cells. Following treatment with various concentrations of cytarabine, a higher number of shrunken and ruptured cells was observed in the KD group. As indicated by the growth curve (Fig. 4B) , the inhibition rate increased with the increase in the cytarabine concentration in each group. When the cytarabine concentration reached ≥25 ng/ml, the inhibition rate in the KD group dramatically increased compared to the CON and NC group (P<0.05). The IC 50 of cytarabine in the U937 cells in the KD, CON and NC group was 50, 200 and 200 ng/ml, respectively. These results revealed that the sensitivity of U937 cells to cytarabine increased by VEGFR-1 gene silencing. The apoptotic rate in the different groups was detected with a flow cytometer following treatment with cytarabine. As shown in Fig. 4C , the apoptotic rate in the KD group was higher than that in the CON and NC group. When the cytarabine concentration reached 25 or 50 ng/ml, a significant difference in the apoptotic rate was observed between the KD group and the other 2 groups (CON and NC group) (P<0.05 for both). Furthermore, the apoptotic rate increased with the increase in the cytarabine concentration.
Changes in cell cycle distribution and anti-apoptotic gene expression are associated with the synergistic effects of VEGFR-1 gene silencing in combination with cytarabine on U937 cells. To elucidate the mechanisms underlying the inhibitory effects of VEGFR-1 gene silencing in combination with cytarabine on the proliferation and increased apoptosis of U937 cells, we further examined the cell cycle distribution in the 3 groups of U937 cells following treatment with cytarabine (50 ng/m). As shown in Fig. 5 , the proportion of G 1 phase cells in the KD group increased from 47 to 62.2%, and that in the S + G 2 phase decreased from 53 to 37.8%. However, the proportion of cells in the G 1 phase increased from 46.4 to 51.7% and from 44.6 to 51.9% in the CON and NC group, respectively, and that in the S + G 2 phase decreased from 53.6 to 48.3% and from 55.4 to 48.1%, respectively. These results suggested that, after VEGFR-1 gene silencing, cytarabine treatment markedly decreased the number of cells in the S + G 2 phase and that these cells were more sensitive to cytarabine when compared with those in the CON and NC group.
We further analyzed the expression of anti-apoptotic genes in the 3 groups of U937 cells following treatment with cytarabine. As shown in Fig. 6 , following treatment with cytarabine (50 ng/ml), the expression of survivin in the KD group was dramatically lower than that in the CON and NC group. These findings suggest that VEGFR-1 gene silencing downregulates the expression of anti-apoptotic genes. 
Discussion
VEGF and VEGFRs not only promote angiogenesis under physiological and pathophysiological conditions, but also enhance the proliferation, survival and migration of leukemia and myeloma cells, thus resulting in resistance to chemotherapyinduced apoptosis (4) . Previous studies have demonstrated that the expression of VEGF and its receptors can be used to evaluate the progression of leukemia, as well as to predict the outcome of leukemia and monitor minimal residual leukemia cells (1-3) . Since its discovery, RNAi has been widely used as a rapid reverse-genetic approach for gene function analysis, as well as for the ablation of specific genes for therapeutic purposes (10) . Due to their important roles in tumor neovascularization, VEGF and its receptors have been the ideal target genes of RNAi. It has been shown that the RNAi targeting of VEGF in combination with chemotherapy inhibits the proliferation of cancer cells and promotes their apoptosis (11). Shen et al (12) used a vector-based siRNA expression system to specifically inhibit VEGF165 expression in leukemia cells, leading to decreased tumor vascularity and growth in vivo.
To date, little is known concerning the role of VEGFR-1 in AML. In the present study, we used real-time PCR to detect the mRNA expression of VEGF, VEGR-1, VEGFR-2 in leukemia cell lines and patients diagnosed with AML. We demonstrated that the U937 cell line, with the highest migration rate under both normal and VEGF-induced physiological conditions, presents the highest expression of VEGF and VEGFR-1. In addition, we demonstrated that patients with extramedullary disease express significantly higher levels of VEGF and VEGFR-1 mRNA comapred to their non-extramedullary migration counterparts. This phenomenon was also observed in leukemia cells derived from AML M4/M5 compared to non-M4/M5 subtypes. Therefore, we hypothesized that VEGF and VEGFR-1 may modulate leukemia survival, proliferation and migration. Therefore, we used a lentiviral vector-based shRNA expression system, which induced stable and longterm gene silencing (13) , to elucidate the role of VEGFR-1 in leukemia biology.
We came to the conclusion that the mRNA and protein expression of VEGFR-1 was inhibited by pRNAT/sh-VEGFR-1 transfection. In addition, we concluded that transfection with pRNAT/sh-VEGFR-1 in vitro suppressed the proliferation of U937 cells and blocked the promotive effects conferred by VEGF. The suppressed proliferation occurred at 72 h after transfection and continued for at least 1 week. We hypothesized that there may be a positive feedback between VEGF and VEGFR-1. Following VEGFR-1 gene silencing, the expression of VEGFR-1 was suppressed and the positive stimulatory effect of VEGF/VEGFR-1 was blocked. The amount of secreted VEGF decreased and the autocrine loop of VEGF was interrupted, resulting in suppressed proliferation. These results are in agreement with those from a previous study on myelodysplastic syndrome (14) .
In our study, we observed that in vitro transfection with pRNAT/sh-VEGFR-1 suppressed the migration of U937 cells and blocked the VEGF-induced cell migration, while Fragoso et al (5) demonstrated in vitro and in vivo that VEGFR-1 (FLT-1) activation results mainly in leukemia cell migration. These results suggest that VEGFR-1 is associated with the migration of leukemia cells and that the specific suppression of VEGFR-1 may delay extramedullary infiltration in leukemia patients.
Bevacizumab is an anti-VEGF monoclonal antibody that targets VEGF-A isoform and blocks its binding to the VEGF receptors. Increasing evidence has shown that bevacizumab exhibits clinical activity against solid tumors when administered with cytotoxic chemotherapy (15) . However, few studies have investigated bevacizumab treatment in hematological malignancies. Karp et al (16) conducted a phase II clinical trial of bevacizumab administered after chemotherapy to adults with refractory or relapsed AML, showing that cytotoxic chemotherapy followed by bevacizumab yields a favorable complete response (CR) rate and duration in adults with AML that is resistant to traditional treatment approaches. However, other studies (17, 18) have revealed that bevacizumab had no effect on leukemia cells both in vitro and in vivo. In our study, we demonstrate in vitro that VEGFR-1 gene silencing in combination with bevacizumab does not confer synergistic effects on the suppression of cell proliferation and does not increase the apoptosis of U937 cells, which was consistent with a previous study which indicated treatment with the anti-VEGF antibody alone had little effect on cell survival (19) . However, VEGFR-1 gene silencing in combination with cytarabine increased the sensitivity of U937 cells to cytarabine. As regards the mechanism by which sh-VEGFR-1 in combination with cytarabine inhibits cell prolifereation, we demonstrated that transfection with pRNAT/sh-VEGFR-1 decreased the IC 50 of cytarabine in the U937 cells in the KD group to 25% of that in the CON group, and increased the apoptotic rate in the KD group, leading to the enhanced sensitivity of U937 cells in the KD group to chemotherapy. These effects may be related to the suppressed expression of VEGFR-1 and VEGF, and the elevated oxygenation process, which facilitated the entry of the drugs to the tumors and endothelial cells, resulting in the abolishment of VEGF-induced resistance to chemotherapy (4) . Additionally, cell cycle assay indicated, following treatment with cytarabine, that the proportion of cells in the S + G 2 phase was decreased and that the expression of survivin was suppressed by 90%. These findings suggest that the changes in the cell cycle and survivin expression also play a crucial role in the pRNAT/ sh-VEGFR-1-induced apoptosis. Of note, similar effects were not observed after treatment with cytarabine in combination with bevacizumab.
The treatment of tumors with RNAi is still at the premature stage. A number of issues, such as increasing the transfection efficiency and ensuring the stability and safety of shRNA, should be resolved before this approach can be applied in clinical practice. Therefore, it is necessary to explore effective approaches for the target-specific suppression of VEGF and receptors, to construct safe and stable vectors for RNAi, and to further determine the effects of the RNAi targeting of VEGF and its receptors on the therapy of leukemia.
In conclusion, in this study, we used a lentivirus-mediated siRNA expression system to specifically inhibit VEGFR-1 expression in leukemia cells. The siRNA that we synthesized reduced the proliferation and migration of the U937 cells and enhanced their sensitivity to cytarabine. Our data suggest that the use of sh-VEGFR-1 in the treatment of leukemia, may be of therapeutic benefit.
